Introduction
Exchange rates are a key macroeconomic price in international economics. And, exchange rate misalignment is perceived to be the culprit of both domestic and global economic ills including inflationary pressures, trade imbalances, and misallocation of resources within an economy and across trading partners (Hinkle and Montiel, 1999) . Since the 1970s, the debate on currency valuation and misalignment has recurred several times and has involved different currencies. The recent contentious debate on the Chinese currency valuation vividly exemplifies the complexity of assessing the extent of misalignment.
During the 2000s, the meteoric rise in China's trade surpluses has put its foreign exchange policy under close scrutiny. One common view is that China has intentionally depressed the value of its currency, the renminbi (RMB), to gain unfair advantages in the global market. As a result, China has built up huge trade surpluses in the 2000s. In addition to global imbalances, the RMB misalignment induces chronic inflationary pressure on the Chinese economy. There are repeated calls from the international community urging China to ease global imbalances by revaluing its currency.
In the subsequent sections, the recent debate about the RMB valuation is used to illustrate the difficulty of determining the degree of misalignment. The theme is not to argue whether the RMB is overvalued or undervalued. Instead, the theme is to highlight a few selected factors that could make assessing the exact level of misalignment difficult.
To assess the RMB misalignment, we have to determine whether the RMB is misaligned or not and, if so, by how much. The assessment has to overcome some theoretical and empirical hurdles. First, standard results in exchange rate economics suggest that it is quite difficult to determine the right, or in economic jargon the equilibrium, exchange rate. Since misalignment is a measure of deviation from the equilibrium exchange rate, an inability to pin down the equilibrium rate implies that it is hard to exactly evaluate the related misalignment.
Even if a theoretical specification is chosen to model the equilibrium exchange rate, the ability to infer the actual level of misalignment is hindered by some practical statistical considerations. For instance, alternative ways to make the theoretical framework operational could lead to different misalignment estimates. The preciseness of the misalignment is also affected by the usual statistical caveats including sampling uncertainty, serial correlation, and estimation robustness. Indeed, as illustrated in the subsequent sections, empirical estimates of the RMB misalignment could spread across a wide range.
The next section outlines the background of the RMB valuation debate. Section 3 uses the RMB case to illustrate the complexity of evaluating exchange rate misalignment.
Specifically, the fundamental equilibrium exchange rate (FEER) approach and the Penn effect regression are used to illustrate the sensitivity to assumptions of the key parameters in a given model, sampling uncertainty, serial correlation adjustment, and data revision. Some concluding remarks are offered in Section 4.
Background
Over the past three decades, China has been one of the fastest growing countries in the world. A few years into the 21 st century, the world has no doubt that China is a prominent trading country, a popular foreign direction investment destination, and a major manufacturing center in the global economy.
The RMB valuation received scant attention for most of the modern China's history. The well-known Dornbusch overshooting model is a useful setting to expound the role of time horizon in interpreting an exchange rate trajectory. Under the overshooting framework, the exchange rate in the short run can be different from its long-run equilibrium value and, at the same time, is consistent with market fundamentals. That is, the equilibrium path of the exchange rate can deviate from its long run value in the short run, and observed misalignment does not necessarily imply a dis-equilibrium scenario. These special attributes and considerations heighten concerns regarding the appropriate model for determining RMB's equilibrium value.
In the absence of a consensual exchange rate model, we should interpret any currency misalignment estimates with great care. Undervaluation, overvaluation, or currency misalignment in general could be in the eye of the beholder. Whether there is misalignment or not depends upon which economic model or what time horizon one has in mind. In addition to theoretical considerations, the complexity of valuing the RMB is compounded by the usual difficulties affecting empirical exercises. Some of these difficulties are discussed in the context of RMB valuation in the next section.
Undervalued or Overvalued
The inability of structural macro and time series models to explain exchange rate movements is well documented by Meese and Rogoff (1983) . Their result that these models cannot out-perform a naive random-walk specification has proven robust. For many years researchers have found it difficult to reject the hypothesis that major country exchange rates follow a random walk under floating exchange rate regimes; see, for example, Meese and Rogoff (1983) , Rogoff (1996) and, Cheung et al., (2005) . An implication of this finding is that the prospect of having a commonly agreed framework to assess exchange rate misalignment is pretty unpromising.
The FEER Misalignment Estimate
There is no shortage of RMB misalignment estimates, which vary considerably from one study to the other. Table 1 updates the list of recent estimates of the degree of RMB misalignment in Cheung et al. (2010a) . One striking observation is the dispersion of these misalignment estimates, ranging from a 44 per cent undervaluation to an over 100 per cent overvaluation. The differences in the estimates come not only from different model specifications but also from models with similar theoretical underpinnings. Even if we drop the extreme overvaluation cases, the remaining estimates are still spread over a rather wide range. These vastly different estimates allow individuals to pick and select the one that is consistent with their own agenda. Most studies, surprisingly, did not explicitly address the notorious difficulty of determining the extent of RMB undervaluation.
These estimates were obtained from typical theoretical frameworks including relative purchasing power parity, the Penn effect, the behavioral equilibrium exchange rate model, the FEER approach, and the macroeconomic balance effect approach. Cheung, Chinn and Fujii (2010b) , for instance, offer some discussions and comments on these approaches while Cenedese and Stolper (forthcoming) present an extensive review of the equilibrium exchange rate models that are commonly used to assess exchange rate misalignment.
Conceivably, it is not unreasonable to expect different estimates from different theoretical settings. It is quite perplexing, however, to obtain different misalignment estimates from models that have a similar theoretical underpinning. We use the FEER approach, which is quite commonly referred to in discussions on exchange rate misalignments in emerging economies including China to illustrate the sensitivity of misalignment estimation. It is noted that the FEER approach is quite closely related to other fundamental or fair value models including the macroeconomic balance effect approach.
Schnatz (2011) succinctly illustrates the limitations and sensitivity of the FEER framework. The FEER approach postulates that current account balance could be non-zero in the medium-term. The determination of the equilibrium exchange rate involves a two-step procedure. First, the "normal" current account balance is identified. The norm could be determined on a judgmental basis that depends on researchers' priors or via an empirical approach. In the second stage, trade elasticities are used to back out the "equilibrium" exchange rate that would generate the normal current account balance. Thus, the FEER equilibrium exchange rate depends on, among other things, the values assigned to the current account norm and the trade elasticities.
What is China's current account norm? Sieving through the literature, the value could range from a low of a 2.8% of GDP deficit (Williamson and Mahar, 1998) to a high of a 8.4%
surplus (Medina et al., 2010) . The norm of 8.4% is a projected value for 2014 (Medina et al., 2010, Table 4) . A large norm is usually driven by data from the post-2000 period during which
China experienced substantial current account surpluses. The extent of RMB undervaluation is inversely related to the size of China's current account norm, ceteris paribus; see, for example, Wang and Hu (2010) . It is noted that China's current balance surplus was 5.23% in 2009 and 5.19% in 2010 . If the norm is assumed to be near or at the high end of 8.4%, then the RMB is likely to be overvalued or, at least, the case for undervaluation is very weak! Apparently, this possibility is not well articulated in, say, the media coverage.
The estimation of China's trade behavior presents a quite formidable empirical task. In general, Chinese export and import price elasticities are not very precisely and robustly estimated. These estimates tend to be quite sensitive to the inclusion of time trends and control variables in the regressions. Mann and Plück (2007) , and Marquez and Schindler (2007) . Some earlier studies are reviewed in Cheung, et al. (2010c) . exchange rate (an increase implies appreciation) and trade balance. It is quite apparent that the RMB exchange rate moves with China's trade surplus in a "procyclical" manner -specifically, the RMB appreciation after the 2005 policy change was met with an increase in the trade surplus. Figure 2 , which is adopted from Schnatz (2011) , depicts the dramatic change in the misalignment estimate across different China's trade elasticity estimates found in the literature.
The RMB misalignment estimate could go from an undervaluation of 40% to an overvaluation of over 500%! While the extreme overvaluation estimate is implausible, the exercise vividly illustrates the fragility of the exchange rate misalignment estimation. Either the magnitude or the sign of misalignment estimate crucially depend on the assumed values of the current account norm and trade elasticities. 
Undervaluation (+), overvaluation (-)
The variability of the FEER misalignment estimate is also documented by, say, Dunaway, Leigh and Li (2009), Hu and Chen (2010) and Wang and Hu (2010) . These studies demonstrates that equilibrium RMB real exchange rate estimates exhibit substantial variations in response to small perturbations in model specifications, explanatory variable definitions, and sample periods. In other words, inferences regarding currency misalignment could be very sensitive to small changes in the way the equilibrium exchange rate is estimated.
The Penn Effect Regression
In this subsection, results from the Penn effect regression are used to illustrate the implications of sampling uncertainty, serial correlation adjustment, and data revision. The basic Penn effect regression equation is given by
where i r and i y are, respectively, country i's national price level and real per capita income in logs and relative to the corresponding US variables. The national price level indeed is the reciprocal of the PPP-based real exchange rate -an increase in i r means an appreciation of the currency. 2 Henceforth, we call i r the real exchange rate for brevity.
The Penn effect is based on the acute observation that price levels vary with income levels. That is, a high income country tends to have a high real exchange rate. The empirically robust positive association between national price levels and real per capita incomes is 2
The term national price level is potentially confusing for those who are not familiar with the Penn effect regression using PPP-based data. In this context, the national price level is in fact a relative price with the US price level as the reference and, thus, is equivalent to the inverse of the real exchange rate.
documented by a series of Penn studies (Samuelson, 1994; Kravis, et al., 1978; Summers and Heston, 1991) . In passing, we note that, after taking income levels into consideration, the so-called Big Mac Index approach will suggest the RMB was 3% overvalued in July 2011 instead of 44% undervalued as stated in Table 1 (The Economist, 2011).
The Penn effect framework has been adopted in the recent debate on RMB misalignment (Frankel, 2006; Cheung, et al., 2007; Coudert and Couharde, 2007) . The inference of currency misalignment based on equation (1) hinges upon the robust positive Penn effect and the implicit assumption that real exchange rates may be overvalued or undervalued, but they are at the equilibrium level on average. Specifically, for a given currency, the empirical degree of misalignment is given by its estimated residual from (1). To ensure data compatibility, the empirical analysis is typically conducted with PPP-based real exchange rates and GDP measures. In regression analysis, the presence of serial correlation could affect both the estimation and inference results. Indeed, the adjustment for serial correlation in regression analysis is a common and relevant practice. It turns out that the estimated residuals in (2) display substantial serial correlation. Using the Prais-Winsten method to control for serial correlation, the estimated regression becomes 0.026 0.147 The impact of serial correlation adjustment on the current misalignment analysis is nontrivial. The standard errors bands in Figure 4 are, as expected, noticeably narrower than those in Figure 3 . A striking result is that, in 2004, the RMB is not undervalued but is 0.2% overvalued.
Even though the misalignment estimate is again not statistically significant, the sheer shift in the magnitude and the direction of the estimate itself should make us re-assess our ability to precisely estimate the degree of misalignment.
Data Revision
The reliability of Chinese data has been a subject of concern among academic researchers; especially applied researchers. International Comparison Program, 2007; World Bank, 2008a, b) . These data are believed to be more accurate than those previously available. GDPs revised up or down by 50% or more (World Bank, 2008c) . What is the implication of these drastic data revisions for assessing currency misalignment?
The result of fitting (1) using the updated data is given by 0.295 0.174
The updated data on 176 countries for 1980-2008 were downloaded from the World Development Indicator dataset in 2010. Using the Prais-Winsten method to account for serial correlation, the result is modified to 0.018 0.160
The coefficient estimates in (4) and (5) are all statistically significant.
Apparently, the empirical Penn effect survives the data revision and, indeed, the magnitudes of the Penn effect are comparable to those derived from the previous data set. While the robustness of the Penn effect is asserted, the same cannot be said for misalignment estimates. 
Concluding Remarks
The current study draws on the seemingly unending debate on the value of the RMB to illustrate a few difficulties affecting a typical exchange rate misalignment assessment exercise.
The debate on exchange rate misalignment has recurred, albeit with varying degrees of intensity, in the international community over the last few decades. To what extent could the debate be grounded in firm economic theory? Standard results in exchange rate economics do not offer a consensual model to determine the equilibrium exchange rate. Without a commonly agreed upon model, it is hard to assess the extent of exchange rate misalignment. The RMB case is of no exception.
Our discussion focuses on the susceptibility of misalignment estimates to a few selected factors including the values assigned to the key parameters in a given model, sampling uncertainty, serial correlation adjustment, and data revision. The implications of these factors are illustrated using results derived from the fundamental equilibrium exchange rate (FEER) approach and the Penn effect regression, which are commonly used in assessing exchange rate misalignment.
Comparing results from some plausible scenarios, it cannot be ignored that the empirical evidence on RMB undervaluation is weaker than the one commonly posited in the media. The RMB misalignment estimate is quite sensitive to variations in the selected factors listed in the previous paragraph. In addition to the estimates suggesting severe undervaluation that mirror the one reported in, say, the financial press, there are empirical results suggesting the RMB is quite fairly valued or is overvalued. It is important to emphasize that our theme is not to argue whether the RMB is undervalued or not -the point is that the evidence on the inability to precisely estimate exchange rate misalignment is quite pronounced, and hence we have to exercise considerable caution in interpreting any misalignment estimates.
At first glance, our discussion seems unhelpful to, say, policymakers and financial professionals, who conduct their operations here and now in the real world. The inability to pin down the precise level of misalignment, however, should be interpreted positively. The imprecision of a misalignment estimate in fact is in accordance with the well-known result that it is quite difficult to model exchange rates in general. Ignoring what we do not know does not help analyze the actual degree of misalignment. Given these considerations, it is prudent to avoid making a hasty policy decision based on a typical misalignment assessment exercise.
Specifically, it is not advisable to make a particular drastic and swift exchange rate move without taking the uncertainty surrounding a misalignment estimate into consideration.
